Despite the health hazards, cigarette smoking is disproportionately frequent among young women. A significant contribution of genetic factors to smoking phenotypes is well established. Efforts to identify susceptibility genes do not generally take into account possible interaction with environment, life experience and psychological characteristics. We recruited 501 female Israeli students aged 20-30 years, obtained comprehensive background data and details of cigarette smoking and administered a battery of psychological instruments. Smoking initiators (n = 242) were divided into subgroups with high (n = 127) and low (n = 115) levels of nicotine dependence based on their scores on the Fagerstrom Tolerance Questionnaire and genotyped with noninitiators (n = 142) for single nucleotide polymorphisms (SNPs) in 11 nicotinic cholinergic receptor genes. We found nominally significant (P < 0.05) allelic and genotypic association with smoking initiation of SNP rs2072660 and multilocus haplotypes (P < 0.007-0.05) in CHRNB2 and nominal (P < 0.05) allelic or genotypic association of SNPs in CHRNA7 (rs1909884), CHRNA9 (rs4861065) and CHRNB3 (rs9298629) with nicotine dependence. Employing logistic regression and controlling for known risk factors, the bestfitting model for smoking initiation encompassed a 5 SNP haplotype in CHRNB2, neuroticism and novelty seeking (P = 5.9 Â 10 À14 , Nagelkerke r 2 = 0.30). For severity of nicotine dependence, two SNPs in CHRNA7 (rs1909884 and rs883473), one SNP in CHRNA5 (rs680244) and the interaction of a SNP in CHRNA7 (rs2337980) with neuroticism, were included in the model (P = 2.24 Â 10 À7 , Nagelkerke r 2 = 0.40). These findings indicate that background factors, psychological characteristics and genetic variation in nicotinic cholinergic receptors contribute independently or interactively to smoking initiation and to severity of nicotine dependence in young women.
Introduction
Despite global trends indicating an overall decline, cigarette smoking is increasing among women in high-income countries and is highest among women of reproductive age. 1, 2 In the US, nearly 30% of female high school seniors were smoking in 2000. 2 In Israel, 21.9% of Jewish women aged 21-34 years smoked in 2003. 3 The Israel Defense Force (IDF) reports an increase of 35% in smoking over the last decade among women at induction and demobilization with 39.1% of female soldiers smoking regularly. 3 In Israel, women typically serve in the army for 18-24 months, representing the age group of 18-21 years. Since smoking behavior is considered to be fixed by 25 years, 4 these figures are alarming. Research on smoking behavior has focused on risk factors for both smoking initiation (SI) and nicotine dependence (ND). Especially among adolescents, SI has been associated with family risk factors, such as parental smoking 5, 6 and family protective factors, such as a strong parent-child relationship. 7, 8 Psychological factors, such as extraversion, 9 novelty seeking, 10 ,11 neuroticism 12 and external locus of control 13 have also been associated with SI. Having two parents who smoked has also been related to adult ND 7, 14 as has harm avoidance. 10 High harm avoidance and neuroticism were related to severity of withdrawal symptoms from nicotine. 15 A substantial body of literature indicates that nicotine is the major component in cigarette smoke that leads to addiction. 16 The development of ND in vulnerable individuals requires exposure to nicotine, which occurs by voluntary initiation of cigarette smoking. Thus, consideration of genetic factors that influence cigarette smoking should take into account factors that influence the likelihood of smoking the first cigarette, the development of a regular smoking habit and, once smoking behavior is established, the degree to which the smoker is dependent on nicotine. Extensive evidence from twin and adoption studies supports a significant contribution of genetic factors to SI as well as progression to ND, with heritability of the order of 50-60%. [17] [18] [19] The physiological and behavioral effects of nicotine are primarily mediated by neuronal nicotinic cholinergic receptors (nAChRs), which modulate the release of dopamine in the mesolimbic system. Other addictive drugs such as cocaine and amphetamine are thought to act through this central reward pathway. 20, 21 Neuronal nAChRs are ligand gated, pentameric ion channels. A number of different subtypes of nAChR exist, each with individual pharmacological and physiological profiles and distinct anatomical distribution in the brain. 22 Each nAChR is composed of five subunits arranged in either homomeric or heteromeric complexes of alpha or beta subunits. The different combination of subunits is responsible for the unique properties of the receptor. 23 In all, 12 genes coding for neuronal nAChR subunits have been cloned: nine neuronal alpha-subunits (alpha2-alpha10) and three neuronal beta-subunits (beta2-beta4). They encode peptides that have a relatively hydrophilic extracellular amino terminal portion, followed by three hydrophobic trans-membrane domains (M-M3), a large intracellular loop, and then a fourth hydrophobic trans-membrane domain (M4). 22 The two binding sites for acetylcholine (both of which need to be occupied to cause the channel to open) reside at the interface between the extracellular domain of each of the alpha-subunits and its neighbor. Acetylcholine acts on the postsynaptic receptor to cause a large increase in its permeability to cations and depolarization of the membrane. 24 The primary brain nAChR subtype with high affinity for nicotine contains alpha4 and beta2 subunits. 25 Studies to date on the association of nAChRs with cigarette smoking and ND have focused on the genes encoding the alpha4 and beta2 subunits. A recent study 26 reported significant protective effects against ND in Chinese men of two single nucleotide polymorphisms (SNPs) and a multilocus haplotype in the CHRNA4 gene. Ethnic-and gender-specificity in the association of CHRNA4 allelic variants and haplotypes with ND was also reported recently. 27 Mice genetically modified to express a mutation in the alpha4 subunit, which confers higher affinity for nicotine, were found to have lowered thresholds for the induction of ND. 28, 29 No associations with ND were found in four independent studies of CHRNB2 gene polymorphisms and haplotypes. 26, 27, 30, 31 Decreased signs of nicotine withdrawal in mice null for the beta4 nicotinic receptor subunit were demonstrated, but not in mice null for the beta2 gene. 32 A role of CHRNB2 in nicotine reinforcement was recently demonstrated by specifically re-expressing this gene in the ventral-tegmental area of mutated mice. 33 A few studies have shown association of nAChR genes with smoking in schizophrenic patients and have raised the possibility of common neurobiological mechanisms. CHRNA7 was found to be associated with smoking 34 and linkage of CHRNA2 and CHRNB2 was reported, 35 based on the results of a genome scan of schizophrenia patients. CHRNA7 was shown to be involved in auditory sensory processing deficits in schizophrenia patients. 36, 37 Nicotine may ameliorate some of these deficits. 38 In this study, we examined the association of 11 nAChR genes, including CHRNA4 and CHRNAB2, with SI and ND in a case-control sample of young female students, taking into account the contribution of background, life experience and psychological characteristics of the subjects and the possible interaction of these variables with nAChR gene variants.
Materials and methods

Subjects
A total of 501 female subjects were recruited from the Jerusalem area between September 2002 and May 2004. Subjects were recruited through advertisements at institutions of higher education reflecting both secular and religious environments and various fields of study. Inclusion criteria were age (20-30 years), enrollment in an institute of higher learning, Jewish origin with both parents Ashkenazi or non-Ashkenazi and no history of psychiatric treatment of any kind. Subjects who were not born and raised in Israel were excluded in order to prevent cultural bias.
After screening by telephone, each subject was invited to visit the laboratory where she received an explanation of the project and was asked to provide signed informed consent as approved by the Helsinki Committee (Internal Review Board) of the Hadassah Medical Organisation. All consenting subjects completed a booklet containing psychological and background measures and provided 30-50 ml of fresh blood for DNA extraction and lymphoblast transformation. All subjects received monetary compensation for their time and travel expenses.
Subjects were coded as smoking initiators (SI) if they had smoked at some time during their lifetime and as noninitiators (NI) if they reported never having smoked a single cigarette. The current analysis included only SI who had smoked daily for at least 1 year (Table 1) . Among SI, those receiving a score of 6 or above on the Fagerstrom Tolerance Questionnaire (FTQ) 39 were coded as high nicotine dependent (HND), those receiving scores of 4 or below were coded as low nicotine dependent (LND). Subjects scoring 5 were excluded from the current analysis in order to maximize differentiation between the groups. Environment, personality, genes and smoking L Greenbaum et al
Evaluation instruments
Subjects completed questionnaires covering extensive background information, smoking behavior including the FTQ 39 and alcohol and drug consumption. A Lifetime Experiences of Trauma questionnaire was compiled by the research team and covered various types of experiences that may be considered traumatic, before and after the age of 17 years. Seven psychological measures were included: Brief Symptom Index (BSI), 40 a general measure of psychiatric complaints; Eating Attitudes Test (EAT-26), 41 a measure of attitudes toward eating and weight; Relationship Questionnaire (RQ), 42 a measure of attachment security; Perceived Social Support -Friends and Family (PSS-Fr, PSS-Fa), 43 a measure of perceived social support; Parental Bonding Index (PBI), 44 a measure of parent-child relationship, Family Adaptability and Cohesiveness Evaluation (FACES-II), 45 a family perception measure and the Tridimensional Personality Questionnaire (TPQ), 46 a well-known measure of personality.
SNP selection
The SNPs used in this study were selected from four different databases: dbSNP, Ensembl Genome Browser, Celera Genomics and Sequenom RealSNP. We also resequenced the coding regions of CHRNA4 in four smokers with the highest and lowest scores on the FTQ, 39 respectively. The CHRNA4 gene consists of seven exons, which were designed for sequencing including B50 bases flanking sequences. When necessary, as for exon 7, three overlapping segments were designed for PCR of about 500 base pairs each. Primer design was performed with the program PRIMER 3; sequences were assembled and compared using both the SEQUENCHER and STADEN Package. 47 Four novel SNPs were identified, one in exon 4, causing an amino-acid change (Arg105His at position 105) and three in the non-coding region of exon 7. Out of the newly idenified SNPs, two were genotyped in the full study sample: Exon 4, position 5338 and exon 7, position 15418. The second exon 7 SNP did not yield any call in the genotyping assay and the exon 4 coding SNP had too low a frequency (0.5%).
For large-scale genotyping of our sample we selected SNPs that fulfilled the following criteria: (1) located within the gene of interest or no more then 20 000 bases upstream or downstream; (2) reported heterozygosity > 0.10. The heterozygosity of the selected SNPs was checked by genotyping 24 Jewish, Israelis, unrelated to our subjects. Altogether 53 SNPs fulfilled these conditions. Genotypes were tested for Hardy-Weinberg equilibrium (HWE) and for differences in allele frequency between subjects of Ashkenazi and non-Ashkenazi origin. SNPs that showed significant deviation from HWE (n = 8) and/or significant differences between Ashkenazi and non-Ashkenazi subjects (n = 5) or minor allele frequency < 0.05 (n = 1) were excluded from further analysis. A list of the 39 SNPs that were included in the analysis, with details of their location and minor allele frequency in our sample, is provided in Supplementary Table A. It should be noted that the loci for CHRNA3, CHRNA5 and CHRNB4 overlap, so they were considered as a single locus in this study. The same was carried out for CHRNA6 and CHRNB3.
Genotyping SNP genotyping was performed with a high-throughput system of chip-based mass spectrometry (matrixassisted laser desorption/ionization time-of-flight; MALDI-TOF) (Sequenom, San Diego, CA, USA). The allele determination in the sampled DNA was based on MALDI-TOF mass spectrometry of allele-specific primer products. 48, 49 Genotyping assays were designed as multiplex reactions using SpectroDE- ). The high-throughput liquid handling was performed with the aid of a MULTIMEK 96 automated 96-channel robot (Beckman Coulter, Fullerton, CA, USA). Primer extension products were loaded onto a 384-element chip (SpectroCHIP; Sequenom) by nanoliter pipetting robot (SpectroPOINT, Sequenom) and analyzed with a MassARRAY mass spectrometer (Bruker Daltonik, Bremen, Germany). The resulting mass spectra were processed and analyzed for peak identification and allele determination with the MassARRAY TYPER version 3.1.4.0 software (Sequenom). About 10% of the total calls were given a low score by the Sequenom caller software, and were inspected manually for the correct call.
Statistical analysis
Data were analyzed using SPSS 12.0.1. Direct relationship between SI and ND and the background, life experience and psychological variables was examined using Student's t-tests for continuous measures and Pearson's w 2 for categorical data. For the purpose of data reduction, a principal components analysis (PCA) was conducted on six of the seven psychological measures using the entire sample (n = 501). The TPQ was not included in the PCA as its components were originally derived from a similar procedure. Promax rotation with Kaiser normalization provided the best solution. Three factors with an eigenvalue > 1 were selected. All items loaded for > 0.59 on one factor. Adjusted factor scores were calculated for each subject for each factor. The factors were then interpreted by assessing the attributes reflected by the variables for which the factor loadings were high.
Linkage disequilibrium among the different markers and haplotype block structure were analyzed with Haploview V.3.12. Haploview was also used to detect significant departure from HWE, calculate minor allele frequency, determine allele frequency differences between Ashkenazi and non-Ashkenazi subjects and to perform single SNP association tests (SI vs NI, HND vs LND) and haplotype association tests. Individual haplotype estimations from the population genotype data were assessed using the program, PHASE V.2. 51, 52 Genotypic association between individual SNPs in the 11 nAChR genes and SI and ND was examined by Pearson's w 2 or Fisher's exact tests.
For logistic regression, each SNP was coded for genotype according to three categories: homozygosity for the major allele, heterozygosity or homozygosity for the minor allele. The third category was eliminated for SNPs where the frequency was < 5%. Individual SNPS with a P-value of < 0.25 for their univariate relationship with the dependent variables were chosen as candidates for the logistic regression. 53 A series of logistic regressions were performed to identify possible interactions between the psychological factors and these SNPs for both SI and ND. The 5 SNP haplotype in CHRNB2 which showed a nominally significant protective effect on SI on univariate analysis, was examined according to the same procedure outlined for the SNPs. The first step of the logistic regression for each of the dependent variables involved entering all the background variables, which had been determined as clinically significant, in the first block. These variables remained fixed. A second block of psychological factors was entered using a forward stepwise procedure based on likelihood ratio. A third block included those SNPs identified by the univariate analysis and the 5 SNP CHRNB2 haplotype. Once the main effects were determined, the possible interactions were entered; the main effects of variables that comprised interactions were retained in the model even if they were not significant in themselves. The result was specific models for both SI and ND, which took into account relevant background variables and delineated the contributions of psychological factors, SNPs and haplotypes and relevant interactions.
Results
Demographic and life experience variables
In all, 10 background variables were examined in relation to SI and ND (Table 1) . SI were slightly but significantly older than NI (P = 1.70 Â 10
À6
), were less likely to be religiously observant (P = 1.67 Â 10
À10
), reported more lifetime traumatic events (P = 0.004) and had higher lifetime body mass index (BMI, not including pregnancy, P = 0.02) than NI. Additionally, SI were more likely to have had a parent who smoked (P = 1.97 Â 10
À6
). No differences were observed between SI and NI subjects on education, ethnicity or military service. SI who exhibited higher levels of ND (HND) were more likely than LND smokers to have had a parent who had smoked (P = 0.02), to have had their first cigarette at an earlier age (P = 0.006) and to have a longer duration of smoking, controlling for age (P = 1.28 Â 10
).
Single SNPs and haplotypes in nAChR genes
Details of the 39 SNPs that we analyzed in 11 nicotinic receptor genes are given in Supplementary  Table A. Table 2 shows P-values for comparison of allele and genotype frequencies in SI compared to NI and HND compared to LND smokers. There was significant allelic (P = 0.02) and genotypic (P = 0.015) association of SNP rs2072660 in CHRNB2 with SI. There was also evidence (P < 0.05) for allelic or genotypic association of SNPs in CHRNA7 (rs1909884), CHRNA9 (rs4861065) and CHRNB3 (rs9298629) with ND. None of these significant values would withstand correction for the 39 SNPs that we analyzed. Environment 
Haplotype analysis was performed for genes where nominally significant allelic and/or genotypic association of SNPs was observed. Analysis of CHRNB2 revealed the most consistent findings. As shown in Supplementary Figure A , two haplotype blocks were identified in CHRNB2. Block 1 encompassed SNPs rs4845652, rs2280781, rs4845378 and rs12072348 and Block 2, SNPs rs1127314 and rs3766927. The haplotype tagging SNPs (htSNPs) identified were rs2280781 and rs12072348 (block 1), rs3766927 (block 2) and the two SNPs between the blocks (rs2072659 and rs2072660). Haplotype analysis was performed on the tagging SNPs. This showed a 5 SNP haplotype (CACTA) that exerted a significant protective effect against SI, showing excess representation in NI subjects (frequency SI = 0.13 vs NI = 0.19; P = 0.036). Altogether there were 5 haplotype combinations in CHRNB2 that showed nominally significant, protective association with SI (P < 0.007 to 0.05). All included the A allele of SNP rs12072348 and the 
Psychological measures
Scores on the seven psychological instruments were compared between SI and NI, and between HND and LND subjects (Table 3) . Compared to NI, subjects who initiated smoking perceived their fathers as less caring (PBI, 44 paternal warmth; P = 0.0004), reported more psychological symptoms (BSI; 40 P = 0.01), were more concerned with their eating and weight (EAT-26;
41 P = 0.02) and scored higher on novelty seeking (P = 1.20 Â 10
À8
) and lower on persistence (P = 0.03) on the TPQ. 46 The only difference on these measures between HND and LND smokers was on novelty seeking (TPQ) 46 where HND smokers tended to score higher (P = 0.05).
PCA was performed on six of the seven measures (the TPQ was not included, as its factors were derived from a similar procedure). A promax rotation produced three factors, which accounted for 56.4% of the variance. The factor loadings for individual items are shown in Table 4 . The three factors were interpreted as representing three psychological dimensions: Factor 1 accounted for 33.4% of the variance and was termed 'family supportiveness.' Factor 2 ac- Logistic regression models for SI and ND Table 5 presents the best model predicting SI among the subjects in our study. This was significant (P = 5.9 Â 10
À14
) and explained 30% of the variance (Nagelkerke r 2 ). While controlling for the background variables, a 5 SNP haplotype (CACTA) in CHRNB2, one psychological dimension (neuroticism) and one TPQ dimension (novelty seeking) were found to be directly associated with SI. Supplementary Table B1 presents the model with background variables only (P = 1.5 Â 10
À7
, Nagelkerke r 2 = 0.20). Supplementary  Table B2 presents the model with both background and psychological variables (P = 4.7 Â 10 À11 , Nagelkerke r 2 = 0.29). The best model predicting HND as compared to LND appears in Table 6 . Taking into account the effect of the background variables, three SNPs (rs1909884 and rs883473 in CHRNA7, and rs680244 in CHRNA5) Model is significant (P = 5.9 Â 10 À14 ), À2 log likelihood = 337.72, Nagelkerke r 2 = 0.30. , Nagelkerke r 2 = 0.18).
Discussion
Although previous studies have indicated the importance of background, life experience and psychological factors in SI and ND, little is known about the relationship between these factors and genes that may confer susceptibility to these two complex phenotypes. Most studies of the potential role of genetic polymorphisms have focused on the direct effects of candidate genes. Noteworthy exceptions in this regard are several studies that examined the possible interactive relationship of personality features 11, 54 or neuroticism, 55, 56 and polymorphisms in the serotonin transporter and tryptophan hydroxylase1 genes 57 to smoking behavior. Interactive effects of the dopamine D2 receptor gene and depression on smoking among adolescents have also been reported. 58 It has been suggested 59 that personality correlates of smoking 'mediate the association between genetics and SI. ' The present study applied an integrated approach that took into account the independent contribution of background variables and psychological characteristics, polymorphisms in a series of nicotinic cholinergic receptor genes and their interactive effects with psychological variables. The results obtained should be considered with appropriate reservations considering the sample size. For this reason and given the application of multivariate statistical methods, replication is important. The most striking observation that emerges from the analysis is a strong contribution of background and psychological factors to SI, accounting for the bulk of the variance explained, with a relatively small contribution of variation in nicotinic cholinergic receptor genes. The contribution of background and psychological characteristics to severity of ND is smaller but the contribution of genetic factors is larger as is the overall proportion of the variance explained by the best model encompassing background and psychological characteristics and genetic variants in nicotinic, cholinergic receptor genes.
In contrast to two previous studies, 26, 27 we did not find direct association of CHRNA4 with either smoking phenotype that we examined (SI or ND). All six CHRNA4 SNPs studied by Feng et al. 26 were included in the present study. Three of the six CHRNA4 SNPs that yielded significant results in the study of Li et al. 27 were included (rs2273504, rs1044396 and rs2236196). The CHRNB2 SNP (rs2072660), which was associated with SI in our study, was examined previously 26, 27 but no association was observed. The association reported by Feng et al. 26 of CHRNA4 with ND was in Chinese males; that observed by Li et al. 27 showed both ethnic and gender specificity and was strongest in AfricanAmerican females. Our sample was made up of Jewish, Israeli females. We observed nominally significant association of SNPs and haplotypes in CHRNB2 with SI. Only one 30 of the four previous studies that reported negative results for CHRNB2, examined SI as specifically defined by us. One previous study found evidence for linkage of CHRNB2 to smoking in schizophrenia patients. 35 The CHRNB2 SNPs making up the haplotype that we found to be nominally associated with SI are nonfunctional. rs2072659 and rs2072660 are located in the 3 0 UTR; rs2280781 is in the 5 0 UTR, rs12072348 is intronic, and rs3766927 is in the downstream flanking region (Supplementary Figure A) . The other SNPs for which we observed nominally significant allelic and/or genotypic association are also intronic (rs1909884-CHRNA7, rs4861065-CHRNA9) or intergenic (rs9298629-CHRNB3). Thus, the most likely explanation of any association is linkage disequilibrium with yet to be discovered functional variants. It should be emphasized that none of the associations we observed would withstand correction for multiple testing and require independent replication. Furthermore, our sample size, particularly for the HND vs LND comparison limits the power to detect associations with a small effect size.
Overall, the finding that background variables alone predict SI and, to a lesser extent, ND is not surprising. Both parental smoking 5, 6 and religious orientation 60 have previously been cited as related to SI. Among Jewish women, being religious was recently found to be negatively associated with smoking. 61 However, two lesser-known risk factors for SI were identified: higher lifetime BMI and experience of traumatic events. In a recent study in Israel, smoking was found to be related to obesity in a representative sample of IDF personnel aged 20-21 years. 62 Increased smoking among young women may stem from the widely held notion that smoking controls weight. 63 Evidence linking traumatic experience and smoking has been previously reported. Women with a lifetime history of assault were found to be 1.8 times more likely to be active smokers. 64 Furthermore, studies of two major traumatic events found increased smoking among individuals who sought treatment -after the Oklahoma bombings 65 and among residents of Manhattan after the 9/11 attacks. 66 This link, between smoking and traumatic experience, warrants further exploration. Interestingly, we have previously reported 67 that normal subjects with a history of parental loss before the age of 16 years had a substantially stronger lifetime history of cigarette smoking. In the current study, despite the overall relationship between trauma and SI, no specific relationship was found Environment, personality, genes and smoking L Greenbaum et al between early parental loss and smoking behavior. Finally, we were unable to explore the relationship of smoking behavior to military service as only a small proportion (3.8%) of the subjects in our sample did not serve in either military or civilian national service, and any difference observed between military service and national service could be accounted for by religious observance.
In addition to the TPQ 46 variables (novelty seeking, harm avoidance, persistence and reward dependence), three psychological dimensions (family supportiveness, sociability and neuroticism) were identified in this study. Family supportiveness was not found to be related to either SI or ND although previous research has demonstrated a protective effect of family support among adolescents against SI. 7, 8 Sociability was also not found to be related to either smoking phenotype although extraversion, a related psychological factor has been previously found to be associated with SI. 9 A third psychological dimension, neuroticism, was found to be related to SI (directly) and by interaction with genetic variants to ND. This finding is consistent with previous observations regarding the relationship between neuroticism and smoking, including interaction with genetic variants. 12, [55] [56] [57] Of the TPQ 46 variables, novelty seeking was found to be related to SI in our sample, when background variables were accounted for. This is consistent with previous reports. 10, 11 No contribution of any of the TPQ variables was found in prediction of HND vs LND.
In conclusion, the results of this study support a significant contribution of background, life experience and psychological characteristics to SI and to a lesser extent to ND. Interaction of psychological variables with genetic variants in nicotinic cholinergic receptor genes was demonstrated. Nominally significant direct association of SI with CHRNB2 and of ND with CHRNA7 and CHRNA5 was observed. Overall, the contribution of background and environmental factors and of psychological characteristics to SI emerges as greater than that of genetic variation in nicotinic cholinergic receptor genes. The contribution of genes to these two complex phenotypes should be considered in the context of background, environmental and psychological characteristics and not alone as is the case in many studies. 
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